Résumé. 2014 [4, 5] . This formulation relies on the HubbardStratonovitch transformation [6] which enables the transformation of the original many-body hamiltonian into an effective free energy density, from which the thermodynamic quantities may be evaluated. Some exact results, e.g. showing the equivalence between this fermion problem and a boson-like system,
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REMARKS ON COUPLED SPIN AND CHARGE FIELDS IN THE HUBBARD HAMILTONIAN
Considering only spin fluctuations, it has been shown [4] that the free energy density is given by an infinite series of interacting spin fields, the nth order vertex being the nth order bare fermion loop. We recall that as a consequence of the non-commutativity of the kinetic and interaction terms in the Hubbard [8, 9] (2) has been discussed in detail by Keiter [10] As was discussed in part 2 of this paper, the relevant value of n for the Hubbard model is n = 3. However, for simplicity, in the rest of this paper we will restrict the discussion to the case n = 1. The general case for any n is treated in reference [18] .
In the above expression we have adopted the notation qi (qi, cvi) to include both the momentum and frequency dependences. The function xo(q is the usual non-enhanced susceptibility and the term 1 + Uxo( in the gaussian charge term of (15) [13] are shown to be associated with the external magnetic field. A renormalization group procedure [13] shows the irrelevance of the fourth-order cross term (corresponding to I2c in eq. (15) ) and of the third-and fourth-order coupling terms between fluctuations in the non-ordering parameter (V3 and V4 in eq. (15)).
We recall that the renormalization group operations performed in [13] are quite special ones (besides momentum integration), namely : choice of the scaling of field variables such that the non-critical field has a constant propagator and at each application of these operations a secondary shift is introduced in the field variables. This shift ensures that the zero-momentum linear term which is spontaneously generated (through the third-order coupling term between soft and non-soft fields) is eliminated. In the free energy (15) [13] ).
The main results of Nelson and Fisher [13] show the existence for the metamagnetic system of two gaussian-like and two Ising-like fixed points. The tricritical behaviour is shown to be controlled by a gaussian-like fixed point. Once the renormalization group operations are performed, a partial trace operation over the non-soft fields reduces the problem to a free energy which shows close similarity to the coupled spin-phonon systems [14] . The [13] , U4 = U4 -(Isc)2 /2(l + Ux°(0)) can be negative, if U4 is sufficiently negative. Remember Isc1' is pure imaginary. 5 . Role of constraints. - The results of this paragraph are strictly valid only when the spin-field in eq. (15) is Ising-like (i.e. n = 1). The case of a vector spin field will be briefly discussed at the end of the paragraph. First recall the general study made by Fisher [15] of the role of constraints in the observed (1) We are grateful to M. T. Beal Monod for pointing out to us a numerical error in eq. (16) in the manuscript. critical behaviour. In particular, we mention the role of hidden variables [15] (which in the Hubbard model may be associated with the requirement of charge neutrality or charge conservation). Before going into recent work on constrained systems let us emphasize the importance of imposing constraints in the free energy density (15) describing the correlated electron gas. The general arguments of Fisher [15] suggest the possibility of obtaining renormalized critical exponents through the physical requirement of say, charge conservation. In a recent work [16] Achiam and Imry discussed a free energy functional which again shows close similarity to that derived in equation (15) .
It must be noted that in [16] a term describing longrange energy-energy density coupling of the form j ,Uq /u-q U-'q' 9 -4' is included for reasons of geneqq rality in the free energy adopted. We recall that such terms have been derived previously by Sak [17] in connection with compressible magnets and by Imry et al. [18] [24] . The antiferromagnetic transition of NiS is also first order at ordinary pressure [25] . In the later system, SF must lie at a dip in n(g). It (16) to include the possibility of an n-component spin field coupled to a one-dimensional charge field_ [18] . From 
